Introduction
The Laguna San Rafael is situated (46 40 S, 74 00 W) at the head of a long fjord, the Golfo Elephantes, in southern Chile (Figure 1 ). Roughly 10 km across, 15 km from north to south and with an area of about 86 km 2 , it is connected to the fjord by a narrow channel, the Rio Tempanos. The Laguna is supplied with some 2 10 6 m 3 of ice per day by the San Rafael glacier. As with similar glaciers (Warren, 1992) there is considerable meltwater flow beneath the glacier, this flow having negligible inorganic or organic nutrient content.
The Laguna is surrounded by temperate rainforest, featuring southern beeches plus luxuriant lichens and mosses. Many of the lichens incorporate cyanobacterial symbionts that fix atmospheric nitrogen (Galloway, 1992) , and it is generally accepted that the soils are very nutrient poor. Precipitation is about 4000 mm year 1 on the shore of the Laguna (Enomoto & Nakajima, 1985) . Numerous streams enter the Laguna, plus three small rivers. The southern, western and northern shores are ringed by wooded moraines; these date from 5000 to 7000 years BP when the glacier filled the whole Laguna. The Laguna San Rafael has attracted scientific study by geographers, glaciologists and physical oceanographers (e.g. Heusser, 1960; Aniya & Enomoto, 1986; Reed, 1988) . Throughout much of this century the San Rafael glacier has been retreating ( Figure 2 ) and a great deal of effort has been devoted to elucidating historical positions of the glacier front using tree coring and lichen analysis (Galloway, 1992; Winchester, pers. comm.) . Close to the glacier front the Laguna is over 250 m deep (Powell, pers. comm.) , but shelves rapidly to 80-150 m in its centre. The Rio Tempanos is shallow with a maximum depth of 30 m (Reed, 1988) . It features extremely strong tidal streams. The prevailing winds are from the north-east, ensuring that ice scour and wave action predominantly affect the southern, western and south-eastern shores (Figure 2 ), while the north-eastern shore remains free of ice under all but flat, calm conditions. The north-eastern shore features much shallower water as a result of decades of glacial outwash and minimal ice scour; until the present study no depth readings had been reported for this area. Nakajima et al. (1985) and Reed (1988) studied the hydrography of the Laguna. They reported a well-mixed water column with salinities about half those of full-strength seawater (15-17, Practical Salinity Scale) and temperatures much colder than in coastal waters outside the Laguna. Reed (1988) also noted that squalls from the north and north-east could generate 0·5-m high waves, but another source of waves is the San Rafael glacier itself. Irregular calving incidents create calving swells. Although imperceptible in mid-lagoon, these can generate large waves when they reach the shores of the Laguna. Close to the glacier 2-3 m waves often batter the rocky shores; 5-6 km away the amplitude falls to about 0·5 m. Major calving incidents (as in 1990 when c. 2 10 6 m 3 ice fell into the lagoon within 45 s; Harrison, 1992) cause much larger waves. Reflected or refracted calving waves reach the shore from totally different directions from the ' normal ' north-easterly one. Limited information about the marine biology of the lagoon appears to have been published (Zama, 1985) , while Galloway (1992) has recently published an account of the lichens of the area, including observations on intertidal species. The present study was performed to derive as complete a picture as possible of the working of the lagoon ecosystem within the constraints imposed by the remoteness and difficult access of the study site, plus the inexperience of most members of the survey team.
Materials and methods
The study reported here was conducted during January and February 1993 as part of Operation Raleigh Expedition 93A. All of the data and conclusions relate to summer conditions.
Intertidal surveys
Three surveys of intertidal macrofauna and macroalgae were carried out: on the north-eastern shore 40 m south of the jetty (A; on 27 January 1993), on the western shore (B; on 29 January 1993) and on the southern shore (C; on 11 February 1993) (positions shown in Figure 1 ). The survey sites were selected to be representative of the shores involved. Reconnaissance indicated that the south-eastern and southern shores were very similar in characteristics, while survey work on the northern shore would be pointless (as the shores consisted of vertical, eroded cliffs of boulder clay) and dangerous. Local tide tables were constructed from published tables for Puerto Chacabuco combined with local observation of precise times of low and high water and measurements (on the north-eastern shore) of vertical distances between them. Tides were semi-diurnal and amplitudes ranged from about 0·5 m on neap tides to more than 2 m on spring tides.
Each survey was conducted in similar fashion. A graduated tape measure was laid on the shore on a falling tide at a right angle to the shoreline. Physical measurements were made to establish the shore profile; all shore heights were related to the height of daytime low water on 27 January 1993. Quadrats (0·25 m 2 ) were placed at 1-m intervals from the uppermost strandline down to the lowest water mark. Macrofaunal numbers of each species were collected for each quadrat, as was percentage cover by live macroalgae. The size of quadrat was chosen after preliminary trials with larger (1 m 2 ) and smaller quadrats (0·1 m 2 ); it gave the best compromise between speed of operation (smaller quadrats) and collection of representative data (larger quadrats) for the inexperienced samplers. At all sites attempts were made to dig into the area sampled (after all epifauna/epiflora had been assessed) in search of infauna. Gravel substrata were dug until no more animals were found, while softer substrata were dug until the redox discontinuity was reached (usually a few mm down). Voucher specimens were collected and preserved in mixed formalin and alcohol for later identification. The quantitative surveys were supplemented by qualitative observations.
Plankton collection
Geographical variation in daytime plankton composition was investigated between 11.24 and 15.50 h on 26 January at points 1-4 indicated on Figure 1 . Samples were collected by towing a net (40-m mesh) at about 1 kt for 15 min. Surface temperature and salinity measurements were made (with an electronic thermometer accurate to 0·1 C and a refractometer accurate to 1, respectively).
On 9 and 10 February plankton samples were collected five times (30-min tows) at a fixed point (point D; Figure 1 ) over a 24-h period. Salinity measurements were made during the 24-h sampling.
Depth, substratum and macroalgal cover observations Studies of depth, sediment type and the presence of benthic macroalgae were made off the north-eastern shore (no prior information being available). A graduated line was suspended from a stationary boat to establish depth ( 2 m; maximum depth sampled 45 m). The substratum type was established by suspending a weighted, greased, inverted metal cup to collect sediments. Macroalgae were investigated by suspending a rake. Macroalgal presence was also studied on western and southern shores.
Trapping and fishing
Benthic scavenger traps were set off the north-eastern shore at depths of 5-18 m. Each consisted of a large plastic soft-drinks bottle, with the top cut off and replaced (inverted) to act as a funnel entrance. Bottom traps at 18 m were augmented by midwater traps mounted 7 m above the sea-bed. In each case mussel flesh held in perforated bottles was used as bait.
Trapping was supplemented by rod and line fishing and gill netting. In total, 42 fish were caught, photographed and their stomach contents inspected.
Observations on birds and mammals
Observations were made of birds and marine mammals throughout the Laguna, noting any visible feeding habits. A census of birds and mammals was carried out on 10 February where exceptionally clear, flat, calm conditions prevailed. The Laguna was divided into five areas ( Figure 3 ) and these were observed (directly and through binoculars) from land and sea. Counting took place between 12.00 and 16.00 h. Observers counted all birds and mammals in their own area. They also noted (and timed) the number and flying/swimming direction of all incomers and leavers to avoid double counting.
Results

Intertidal surveys
The results of the quantitative surveys are shown in Figures 4, 5 and 6. The southern shore is much steeper than the western and north-eastern shores, and the greater exposure to wave action on the western and southern shores elevates strandlines and upper macroalgal limits by comparison with the north-eastern shore. All of the shores have stones/gravel at the top and sandy gravel in the middle; the south-eastern, southern and western shores grade into cobbles and boulders on the lower shore, but the north-eastern shore grades into sands and muddy sands.
The north-eastern shore features far greater quantities of plant and animal material than elsewhere. The southern shore is virtually devoid of biota, except for in some occasional sheltered habitats (described below). The macrofauna and macroflora of the intertidal zone below the strandline are extremely simple, with only three algal taxa present: Porphyra, Acrosiphonia and Dictyosiphon. There were only three animal species, the mussel Mytilus chilensis, the barnacle Elminius kingii and one amphipod species, Paramoera fissicauda associated with mussel beds on the north-eastern shore, and also found under pebbles on the lower part of the western shore. Qualitative observations confirmed the findings of Galloway (1992) that the typical rocky shore lichen genera Verrucaria, Caloplaca and Lecanora were present on the top of large boulders in the intertidal zone on the north-eastern shore. There were also lichens binding sands in the mussel beds on the same shore, probably Placopsis and Psorama (Galloway, 1992) .
No burrowing macrofauna were found anywhere on the Laguna shores below the strandlines, nor any isopods or decapod crustacea. The strandlines on the southern, south-eastern and western shores were scanty, containing mainly twigs and pumice, with little weed, save the occasional piece of kelp apparently brought in from outside the Laguna by the flooding tide. In contrast, the north-eastern shore featured several strandlines composed mainly of the macroalgae listed above, supplemented by some saltmarsh vegetation and tiny quantities of Zostera. Wet (recent) strandlines that included living weed featured juveniles and adults of a talitrid amphipod species (Transorchestia chiliensis), plus dipteran flies and springtails (Anurida sp.). This wet strandline often contained living but moribund (gaping) mussels. The uppermost strandline contained amphipods and springtails, but also featured spiders, mites, lumbricid earthworms, slugs, large terrestrial snails, and a nominally freshwater snail, Chilina patagonica that was also common in the rivers and streams emptying into the Laguna. Snails, together with earthworms, were found in the uppermost strandlines all around the Laguna, especially after periods of prolonged rain; it was under such conditions that black and white frogs (that eluded capture and identification) were seen foraging in the strandline on the western shore. The mouths of the two rivers discharging on to the north-eastern shore differed considerably. The northern Rio Salton flowed over a pebble bed through tussock grass to reach the Laguna; salt marsh was limited in extent. Its tidal mouth featured Porphyra, while the pebbles had barnacles (Elminius kingii), mussels (Mytilus chilensis) and snails (Chilina patagonica) upon them, and specimens of the basically freshwater amphipod genus Hyallela underneath them. The only macrofauna found in the associated salt marshes were amphipods (Protorchestia nitida) and oribatid mites (Platynothrus skottsbergii). The southern unnamed river had a muddy saltmarsh delta at its mouth. Everywhere the redox discontinuity was within a few millimetres of the surface. In the outer part of the salt marsh, pools contained the amphipod (Metoediceros fuegiensis) which cruised around the sandy mud bottom, often ploughed through the sediment, but never buried itself completely. In the inner part of the salt marsh, another amphipod species (Talorchestia sp.) was seen in rotting green seaweed around the roots of Spartina, but otherwise macrofaunal life was restricted to mosquitos, flies and young fish (Eleginops maclovinus).
Upper shore pools close to the glacier (Figure 1 ) featured low salinities (c. 4) at low water when they were exposed to substantial freshwater runoff. The sandy bottoms of the pools were covered with filamentous algae and blue-green algae, although some patches of the bottom were anoxic and covered by white filamentous bacteria or pink phototrophic anaerobic bacteria. The fauna consisted of large mussels in good condition (Mytilus chilensis), substantial numbers of ròvolos (Eleginops maclovinus), some as much as 1-3 kg in weight (no other fish were present), plus great densities of the snail Chilina patagonica which left tracks in the sand and reached densities of more than 60 m 2 (c.f. 1-2 m 2 in neighbouring freshwater streams). There were no burrowing animals. While the south-eastern, southern and much of the western shores were essentially devoid of both macroalgae and animals, there were occasional patches of visible biota. Some large rocks in the lower intertidal had macroalgae present on the landward side, together with barnacles (Elminius kingii), while fallen trees (undermined by ice scour) embedded in the shore sediments often had concentrations of stunted macroalgae, mussels and barnacles living in their root balls.
On the northern side of the glacier no macroalgae or macrofauna were evident between the ' island ' and the glacier itself; these shores are exposed to almost perpetual ice scour; sheltered parts of the ' island ' had mussels, barnacles and Porphyra. The southern side of the glacier showed a slightly different situation. Small bays uncovered over the past 20 years exhibited a few mussels and barnacles attached to boulders; all animals were living in crevices. These bays are affected less by ice scour, and then mainly by fairly small pieces of ice, because the southern end of the glacier front is now grounded and does not calve.
Plankton collection
The results of analysis of the plankton hauls are displayed in Tables 1 and 2 . During the period of study, the phytoplankton was overwhelmingly dominated by a single species of the diatom genus Coscinodiscus. Distinctly disk-shaped, it was a very large diatom (diameter c. 250-300 m). Small numbers of Biddulphia, Chaetoceros, Thalassiosira, Lauderia and Bacillaria were seen. The zooplankton was dominated by calanoid copepods (Drepanopus forcipatus, Calanus simillimus and Acartia tonsa). Meroplankton was virtually absent, except for nauplii of the resident barnacle Elminius kingii.
There was little variation in daytime salinity, temperature and plankton composition within the Laguna itself, but the silt-laden Rio Tempanos (sample station 1) showed slightly greater planktonic diversity. Within the Laguna, the sampling station nearest to the glacier (4) yielded a sample consisting of just two species; huge numbers of Coscinodiscus sp. and small numbers of Drepanopus forcipatus. Coscinodiscus ***** **** ***** **** ***** Biddulphia
Calanoid copepods * ** ***** **** ** Calanoid nauplii --**** ** -Harpacticoid copepods * * **** *** -Elminius nauplii ***** * **** * * Amphipods --**** * * Hydromedusae --** --Semi-quantitative scoring system as in Table 1 .
The changing composition of surface plankton was illustrated at a fixed point off the north-eastern shore, but in shallow water (c. 20 m deep) where there were diurnal salinity changes, these were fairly minor. The data revealed a stable phytoplankton make-up throughout the day and night, but showed considerable changes in the surface zooplankton. Calanoid copepod numbers peaked at midnight and fell to low levels at midday, suggesting a pattern of vertical migration. In addition, there was a night-time upward migration of amphipods (Paramoera sp.) and a dawn rise of harpacticoid copepods of the genus Harpacticus. Since both harpacticoids and amphipods are found in the stomachs of bottom-feeding fish, it seems probable that these two groups of animals are benthonic, living on the bottom during the day and moving up into the water column at night.
Depth, substratum and macroalgal cover observations
On the south-eastern, southern and western shores the beaches were gravel and sand, grading at low water level into pebbles, cobbles and boulders. All of these shores showed physical evidence of recent and regular ice scour (Harrison & Davenport, unpubl. data) . Subtidally their shores shelved rapidly, soundings reaching 45 m (the limit of available equipment) within 50 m of the low water mark. Towed rakes failed to bring up macroalgal specimens; the greased sounding weight brought up no sediment, indicating a stony or rocky bottom.
The situation on the north-eastern shore was different. While the upper and middle shores were sandy gravel (showing no evidence of recent ice scour), the lower shore was a mixture of cobbles, muddy sand and gravel, usually supporting a mussel bed. Soundings and substratum samples showed that subtidal shelving was very slow, with sandy substrata reaching 500-1000 m offshore to depths of about 18 m. Beyond 18 m very rapid shelving took place, the depth often changing from 18 m to 45+ m within 10-20 m of horizontal distance. Raking showed that the sandy bottom featured macroalgae (Dictyosiphon and Acrosiphonia) and mussels to a depth of about 10 m; between 10 and 18 m the rakes brought up Dictyosiphon and small amounts of sea grass (Zostera); beyond 18-20 m no plant material was collected.
Trapping and fishing
Scavenger traps mounted in midwater caught nothing. On the other hand, traps placed on the bottom at depths between 5 and 18 m caught a single species of fish, the nototheniid Notothenia tessellata (identified from Navarro & Pesqueň o, 1979) . Specimens caught ranged between 64 and 110 mm in standard length (SL) . No other scavengers were found.
Rod and line fishing and gillnets always resulted in the capture of ròvolos (Eleginops maclovinus; up to 2-3 kg in weight). Particularly large numbers were found in lowsalinity pools near the glacier. Even on the impoverished western and southern shores, the few fish seen in shallow water appeared to be Notothenia, so it would seem that two fish species dominate the Laguna.
Fish stomach contents
Notothenia and Eleginops of all sizes were primarily herbivorous, feeding on macroalgae. The stomachs of fish ranging between 64 and 450 mm SL were investigated. Over 90% of the stomach contents consisted of macroalgae. The stomachs of small Notothenia caught in scavenger traps 400 m offshore tended to contain unidentified filamentous light green algae, while large Eleginops caught on rod and line from the shore contained mainly dark green Acrosiphonia. All Notothenia and Eleginops had some crustacean material in their stomachs. Three groups of crustaceans were discernible; gammarid amphipods, calanoid copepods (Drepanopus and Calanus) and (less common) harpacticoid copepods. For all of these crustaceans, a full size range was present in the stomachs. Since it is unlikely that such relatively large fish deliberately seek out juvenile amphipods or the early copepodid stages of calanoid copepods, it seems probable that the intake of animal material is incidental, and that the crustaceans are taken in when the weed is eaten. No mussels were found in the fish stomachs. Table 3 shows the results of the bird and mammal census. The average bird density of the bulk of the Laguna (area III; see Figure 3 ) is very much lower (1·7 birds km 2 ) than that of the area around the north-eastern shore (areas I, II, IV; 25·2 birds km 2 ). Area III contained almost exclusively carnivorous birds [including the flightless steamer duck which is predominantly a shellfish eater (Weller, 1976) , probably consuming mussels in this case] whereas areas I and II were dominated in biomass by herbivorous ducks, and swans. Magellanic penguins dominated area III, but generally hugged the coast and the area close to areas I and II rather than occupying the centre of the Laguna. The region observed from the bird hide (area IV) was dominated by a kelp gull colony living on a low shingle bank topped by grass. The gulls still had young, though the latter were all fledged. Adult gulls tended to exclude other species, particularly cormorants, but were themselves preyed upon by turkey vultures and crested caracaras during much of the study period. On the day of the census a resident flock of ashy-headed geese foraged on the grass of the gull colony's shingle bank, but on other days the flock foraged in eareas I and II, usually on the small salt marshes at the mouth of the two rivers. Small numbers of herons (of three species) were based at the mouth of the unnamed river in area II, but often fished in low-lying lagoons of area IV.
Observations on birds and mammals
Two species of marine mammals were observed in the Laguna, harbour porpoises (Phocaeana phocaena) and sea lions (Otaria flavescens). There were three individuals of each species present throughout the study period. The sea lions were quite wide ranging, but could usually be seen near the glacier and were never observed in the shallow water off the north-eastern shore; the porpoises usually patrolled the edge of these shallows, but were seen in water of 10 to 15 m depth on several occasions.
Black-necked swans foraged exclusively on seaweeds in shallow water as the tide rose and fell; they therefore exploited the intertidal zone and the shallow subtidal waters of the north-eastern shore. They were seen to feed on Porphyra and Acrosiphonia. Chilean teal fed in a similar fashion, but in shallower water. At high tide, both species ceased feeding. Ashy-headed geese foraged on saltmarsh vegetation, or on grass near to the shore; occasionally they were seen to take intertidal seaweed, as did the small number of Magellan geese present.
Kelp gulls fed on mussels (as did the small number of oystercatchers present), often by picking them up and dropping them. The gulls also fed on small Notothenia or Eleginops that they caught in shallow water. Crested caracaras took fish in shallow pools on the north-eastern shore near the glacier, but the pair associated with the gull colony were also seen to kill young gulls; in addition, the carcasses of the gulls were fed upon by turkey vultures. The turnstones appeared to feed exclusively upon intertidal amphipods, which they took mainly from amongst mussel beds on the north-eastern shore. The herons and egrets based at the mouth of the unnamed river were seen fishing in shallow water, in particular upon small ròvolos. The turnstones were in winter plumage, so were presumably migrants from the northern hemisphere.
Besides the seabirds, herons and birds of prey counted during the census, other birds exploited the shores of the Laguna. Small numbers (<5) of chimango caracaras (Milvago chimango) behaved in a corvid-like fashion, scavenging in the intertidal zone off the north-eastern shore, particularly on moribund mussels. A number of small terrestrial birds foraged in the strandlines all around the Laguna (including large numbers of the robin-like chucao tapaculo, Scelorchilus rubecula). Particularly numerous were barwinged Cinclodes (Cinclodes fuscus) of approximately starling size; these fed upon the amphipods of mussel beds when the tide was out, but were also seen to peck for long periods at rocks that only had large numbers of springtails (Anurida) upon them.
Discussion
The waters and shores of the Laguna San Rafael make up a strange ecosystem, largely controlled by the glacier and its discharge of cold oligotrophic meltwater, inorganic sediment and scouring ice. Much of the Laguna is essentially barren, because of constant benthic ice scour, with most of the productivity being packed into the north-east sector where extensive shallow water and an ice-free intertidal zone permit weak, sheltered shore macroalgae (Acrosiphonia and Phorphyra) to flourish and support populations of fish and birds.
Technically, the Laguna San Rafael is an estuarine ob (a brackish-water lagoon at the head of a fjord), but the extremely harsh conditions make it a very unusual one. Most estuaries are productive, because of considerable organic inputs from the watersheds draining into them, and the flood-tide input of marine debris. The Laguna San Rafael is surrounded by nutrient-poor rainforests subject to extremely high, leaching rainfall. The major freshwater input is in the form of pure freshwater ice from the glacier and meltwater draining bedrock beneath the Patagonian Ice Field; this input is associated with outwash of inorganic particulate material. The inflow of organic material from the sea is limited and attenuated by the great length of the Golfo Elephantes and the Rio Tempanos. In consequence, the Laguna apparently supports virtually no deposit-feeding infaunal animals. There are no burrowing worms, no infaunal bivalve molluscs, and the lack of bioturbation means that anoxic conditions prevail in all sediments (save for a thin surface layer a few mm thick).
In some respects the Laguna ecosystem has similarities with high latitude (particularly subantarctic) marine communities. Several of the species present (e.g. Mytilus chilensis, Eleginops maclovinus, Notothenia tessellata, Magellanic penguins and blue-eyed shags) are found throughout the subantarctic regions. Food-chains are short and there is a predominance of consumption and predation by a diverse group of bird species. However, the environment is unusual in the importance of macroalgae as a source of food for fish and birds; there must be few environments in the world where a seaweed-fish-penguin chain is the norm! The large, resident population of black-necked swans is a spectacular reflection of the prevalence of herbivory amongst the Laguna birds-a great contrast to the Antarctic and subantarctic where birds are almost all carnivorous.
In most estuarine situations high turbidity and rich organic sediments result in a dominance of deposit-feeding over filter-feeding. In the Laguna, which is probably oligotrophic, though data on nutrient levels are needed to clarify this point, the reverse is true. The benthic fauna are extremely sparse, most of the biomass consisting of the mussel Mytilus chilensis and the associated barnacle Elminius kingii, both of which are filter-feeders, the former on the abundant (though impoverished) phytoplankton, the latter mainly on zooplankton. Only the amphipods of the genus Paramoera and harpacticoid copepods appear to act a detritivores.
Apart from the avian fauna, the Laguna is characterized by low levels of diversity and high levels of dominance, features associated with highly stressed environments. Zama (1985) recorded six species of fish from the Laguna of which only two were found in substantial numbers (Eleginops maclovinus and Notothenia tessellata). The present study confirmed this dominance, which was particularly obvious in shallow dilute pools near the glacier, where the fauna consisted solely of teeming ròvolos (feeding on weed), mussels (filtering phytoplankton) and Chilina patagonica (browsing on surface microbial films and blue-green algae). The zooplankton too showed an extremely low diversity, particularly in comparison with published data for the Golfo Elephantes (Zama, 1985) . There was a total absence of holoplanktonic groups such as ostracods or euphausids, and a remarkable lack of meroplankton, save for nauplii of the resident barnacle, Elminius kingii.
Opportunistic species that come to dominate stressful environments are usually tolerant physiologically. All of the macroalgae present in the Laguna are from euryhaline genera; their relatively small size probably stems from a combination of low environmental temperatures (in summer, the main growing season, the Laguna is at 6 C, about 6-7 C colder than the northern part of the Golfo Elephantes) and heavy grazing by fish and birds, rather than from low salinity. All of the amphipod species studied appeared to be euryhaline, while the finding of Eliminius kingii in the mouths of freshwater streams revealed a species apparently as tolerant of low salinity as the cosmopolitan low-salinity specialist, Balanus impovisus. The most common fish in the Laguna, the rò volo Eleginops is also very euryhaline, being found in coastal and brackish waters throughout southern Chile, and even being found in a landlocked body of freshwater in the Falklands (Strange, 1992) . As well as these predictable examples of tough opportunists, there were unexpected examples too, particularly in the strandline. Much of the strandline fauna consisted of essentially terrestrial/freshwater detritivores (snails, slugs, lumbricid earthworms) that were preyed upon by birds (including chucao tapaculos) and even frogs. This unusual fauna presumably results from the low salinity of the Laguna, combined with the coarseness of the strandline sediments and the extraordinarily high rainfall that washes salt out of the strandline shortly after the tide ebbs. The freshwater snail Chilina patagonica appears to be a particularly successful opportunist. It is a common species in the freshwater streams feeding the Laguna, but achieves especially high densities in the stony strandline and in brackish, sand/mud pools close to the glacier. Chilina is a primitive genus (Brace, 1983 ) and endemic to South America. The euryhaline nature of Chilina patagonica supports Brace's contention that this group of primitive pulmonates evolved from estuarine ancestors (rather than terrestrial ancestors; see Morton, 1958) , as does its unusual ability to feed on both hard and soft substrata.
One puzzle in the Laguna concerns the number of displaced mussels in poor condition that have been recorded from the north-eastern shore (particularly the strandline) for at least 15 years (Viviani, 1980; Zama, 1985; this study) , and the huge numbers of large mussel shells found at the top of the shore that show no evidence of bird attack. There are no starfish or crabs in the Laguna and the fish present show no signs of eating adult mussels. This poor condition cannot be attributed to either low temperature or low salinity since Mytilus chilensis encounters lower values of both of these variables in other parts of this range. There are healthy, large, submerged mussels in the upper shore brackish pools near the glacier which are exposed to much lower salinities and similar temperatures. It is likely that calving waves are responsible for the poor condition. The mussel beds on the north-eastern shore are typical of those found on flat sheltered sand/mud shores in many parts of the world. For most of the time the wind direction and short fetches means that wave action is slight. However, at irregular intervals there are short-lived episodes of violent wave action due to intense iceberg calving. These can displace mussels from the beds, so that they are left high on the shore and are emersed for long periods, progressively losing condition until they die of desiccation after gaping, or fall prey to birds that can eat the flesh without damaging the shell (pers. obs.).
Given the dynamic nature of the San Rafael glacier it seems probable that the productive area off the north-eastern shore has existed for a relatively short period. In the early years of the present century it is likely that the calving flux, which is the product of the calving speed (dependent on water depth) and cross-sectional area of the glacier terminus (Warren, 1992) , would have been very much higher than at present, and that the north-eastern shore would therefore either have been covered by the glacier front itself, or have been subject to considerable ice scour. At that time it is probable that the productivity of all of the Laguna shores was as low as that of the southern shore at present. Conversely, if the glacier continues to retreat as it has for most of the last 20 years, it will shortly cease to be a calving glacier, with the terminus above sea level. If this happens, ice loss will be dramatically curtailed, ice scour will cease and the water temperature and salinity of the Laguna will rise considerably. Under these conditions it is likely that a more diverse and productive fauna would develop fairly quickly by invasion from the Golfo Elephantes, and all of the shores would have an extensive flora and fauna.
